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(g) Heterocyclic iminobismethylenebisphosphonic acid derivatives. 

© The heterocyclic iminobismethylenebisphosphonic acid derivatives of the general formula (I) 
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wherein n is an integer of 0 - 5 and the group of the formula 




H 



represents a 4 - 7 membered monocyclic or 7 - 1 1 membered condensed heterocyclic ring group which may be 
substituted by a halogen atom or a lower alkyl group and contains 1-2 nitrogen atoms their esters and salts 
thereof are described. The said compounds are useful as a bone resorption inhibitor, a dental calculus formation 
inhibitory agent or a polyvalent metal ion complex salt forming agent. 
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This invention relates to new heterocyclic iminobismethylenebisphosphonic acid derivatives. The 
compounds can be used as a bone resorption inhibitor, a dental calculus formation inhibitory agent and a 
polyvalent metal ion complex salt forming agent. 

Although various compounds have so far been synthesized as iminobismethylenebisphosphonic acid 
5 derivatives, those having a hetero ring as disclosed in the present invention has not been known. 

The present invention describes novel heterocyclic iminobismethylenebisphosphonic acid derivatives 
which are useful as a bone resorption inhibitor, a dental calculus formation inhibitory agent and a polyvalent 
metal ion complex salt forming agent. 

The heterocyclic iminobismethylenebisphosphonic acid derivatives of this invention are the heterocyclic 
w iminobismethylenebisphosphonic acid derivative of the general formula (I) 



75 




ChL— P— OH 
I 

20 OH 



wherein 

n is an integer of 0-5, and the group of the formula 

25 




30 

represents a 4-7 membered monocyclic or 7-1 1 membered condensed heterocyclic group containing 1 or 2 
nitrogen atoms which may be substituted by a halogen atom(s) or a lower alkyl group(s)), and esters or 
salts thereof. 

The lower alkyl group as a substituent for the heterocyclic group is a straight or branched alkyl group 
35 having 1-6 carbon atoms, for preferable example, a methyl group, an ethyl group, a propyl group, an 
isopropyl group, a butyl group, an isobutyl group and a t-butyl group. For preferable example of the 
halogen atom as a substituent, there may be fluorine, chlorine, and bromine. 

Preferred embodiments of the present invention are the heterocyclic iminobismethylenebisphosphonic 
acid derivatives of the general formula (I) wherein the group of the formula 

40 
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45 

is represented by the formula 



50 




55 wherein 

Z, Y and X are individually a carbon atom or a nitrogen atom, and is a double bond or a single bond, 

and 

wherein the group of the formula 
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is represented by a pyridyl group, a pyrazyl group, an imidazolyl group, a pyrrolyl group, a pyrazolyl group 
or a pyrimidyl group. 

Moreover, the preferable bisphosphonic acid derivatives are those compounds represented by the 
following formulae 
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This invention further concerns a bone resorption inhibitor containing as an active ingredient the said 
heterocyclic iminobismethylenebisphosphonic acid derivative or an ester or salt thereof. 

As the esters of the said bisphosphonic acid derivatives, there may be mentioned lower alkyl esters 
such as a methyl ester, an ethyl ester, a propyl ester or a butyl ester. 
55 As the salts thereof, there may be mentioned alkali metal salts such as a sodium salt, a potassium salt, 
a barium salt or a lithium salt and an ammonium salt. 

The present compounds can be prepared according to the process shown by the following reaction 
scheme: 
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(CH J )n-NH 2 +2H s PO J +2HCHO- 7 

5 

(CH 2 ) n -NCCH 2 PO(OH) 2 ) 2 +2H 2 0 

10 

In this Mannich type reaction, the molar ratio of the starting materials is preferably of the ration of 
heterocyclic amine : phosphonic acid : formaldehyde = 1:2:2 and, when the starting materials are to be 
blended, it is preferable to add formaldehyde by bits the last thing. Reaction may be preferably carried out 
by heating under reflux to 60 °C or higher in an acidic solution, more preferably at 100 ± 5°C. The reaction 

75 should be completed in several minutes to scores of hours. 

The process of the reaction should be traced by thin layer chromatography (TLC). After the completion 
of the reaction, the reaction mixture should be preferably concentrated under reduced pressure and purified 
by cation exchange chromatography (solvent: water-hydrochloride). In case the reaction mixture is colored, 
it may be preferably treated with active carbon prior to cation exchange chromatography. After the 

20 completion of the purification, the resulting mixture may be again concentrated under reduced pressure and 
the residue may be recrystallized according to a conventional method (solvent: water-ethanol) to obtain the 
pure product. 

The bone resorption inhibitory action of the heterocyclic iminobismethylenebisphosphonic acid deriva- 
tives of the present invention can be determined by examining the inhibitory effect of the above compounds 

25 with respect to the in vitro solubility of crystalline hydroxyapatite which is an important component of bone 
[Russell et al., Calc. Tiss. Res., (1970), vol. 6, p. 183-196]. 

Where the present compounds are to be applied as a bone resorption inhibitor, they, as such, may be 
employed or in the form of a pharmaceutical preparation admixed with a pharmaceutically acceptable 
carrier well-known per se or a vehicle and others. One may apply any of oral administration with tablets, 

30 capsules, powders, granules, pills, syrups, and the like and parenteral administration with injections, 
ointments, suppositories and the like. These pharmaceutical preparations may be prepared according to a 
conventional method. A dose may vary depending upon the subject to be administered, the administration 
route to be applied, severity and others, and a suitable daily dose for adults is usually 0.1 mg - 1 g in oral 
administration and 0.01-100 mg for parenteral. 

35 In applying as a dental calculus formation inhibitory agent, the present compounds, as such, or salts 
thereof may be suitably incorporated into tooth paste, dental rinse, bad breath preventing agents, gargles 
and the like at the ratio by weight of 0.001-10%. 

In applying as a polyvalent metal ion complex salt forming agent, the present compounds, as such, or 
salts thereof may be suitably incorporated into a metal ion solution depending upon the concentration of a 

40 metal ion. 

This invention will be illustrated by way of the following Examples and Test Example. 
Example 1 

45 In 25 ml of water was dissolved 8.4 g of phosphorous acid, and, 5.4 g of 3-aminomethylpyridine and 25 
ml of 35% hydrochloride were added successively thereto, then the resulting mixture was heated to 100- 
(±5)°C. After heating, 10 ml of 37% formaldehyde was added to the mixture and then refluxed for 3 hours. 
After the reaction mixture was concentrated under reduced pressure, the residue was purified over cationic 
ion exchange chromatography and concentrated again under reduced pressure. The white solid thus 

50 obtained was recrystallized from water-ethanol to give 6.0 g of 3- 
pyridinylmethyliminobismethylenebisphosphonic acid (II) as colorless crystals. 
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Physicochemical properties of the compound are as follows: 

(I) Mass spectrometric value (m/z): FAB Mass 

297 (M + + 1) 

(II) Nuclear magnetic resonance spectra (D 2 0, internal standard DSS) 
d : 3.47, 3.61 (4H) 

5.01 (2H) 
8.15-8.31 (1H) 
8.87-8.98 (2H) 
9.16 (1H) 



Example 2 



The procedures in Example 1 were analogously repeated using 5.6 g of histamine to give 7.9 g of 2-(4- 
imidazolyl)ethyliminobismethylenebisphosphonic acid (III) as colorless crystals. 
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(I) Mass spectrometric value (m/z): FAB Mass 

300 (M + + 1) 

(II) Nuclear magnetic resonance spectra (D 2 0, internal standard DSS) 
d : 3.27, 3.35, 3.45 (2H) 

3.59, 3.73 (4H) 
3.81, 3.91, 3.99 (2H) 
7.44 (1 H) 
8.68 (1H) 

Example 3 

The procedures in Example 1 were analogously repeated using 6.1 g of 2-(2-aminoethyl)pyridine to give 
4.7 g of 2-(2-pyridinyl)ethyliminobismethylenebisphosphonic acid (IV) as colorless crystals. 
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(I) Mass spectrometric value (m/z): FAB Mass 

311 (M + + 1) 

(II) Nuclear magnetic resonance spectra (D 2 0, internal standard DSS) 
d : 3.67, 3.76 (4H) 

3.30-4.04 (4H) 
7.92-8.09 (2H) 
8.49-8.77 (2H) 



The procedures in Example 1 were analogously repeated using 7.4 g of 2-(2-aminomethyl)- 
benzimidazole to give 2.9 g of 3-benzimidazolylmethyliminobismethylenebisphosphonic acid (V) as color- 
less crystals. 



(I) Mass spectrometric value (m/z): FAB Mass 

336 (M + + 1) 

(II) Nuclear magnetic resonance spectra (D 2 0, internal standard DSS) 
d: 3.14, 3.25 (4H) 

4.63 (2H) 

7.51, 7.55, 7.59, 7.62, 7.66, 7.69, 7.73, 7.77, 7.80, 7.83 (4H) 



Example 4 
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Example 5 



The procedures in Example 1 were analogously repeated using 6.3 g of 1-(3-aminopropyl)imidazole to 
give 6.5 g of 3-(1-imidazolyl)propyliminobismethylenebisphosphonic acid (VI) as colorless crystals. 
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(I) Mass spectrometric value (m/z): FAB Mass 

314 (M + + 1) 

(II) Nuclear magnetic resonance spectra (D2O, internal standard DSS) 
20 d : 2.30, 2.64 (2H) 

3.53, 3.67 (4H) 
3.59, 3.65, 3.72 (2H) 
4.33, 4.41 , 4.49 (2H) 
7.50-7.58 (2H) 
25 8.81 (1H) 

Example 6 

The procedures in Example 1 were analogously repeated using 7.35 g of 3-aminomethyl-imidazo[1 ,2-a]- 
30 pyridine to give 6.5 g of 2-(imidazo[1 ,2-a]pyridyl-3-yl)methylbismethylenebisphosphonic acid (VII) as color- 
less crystals. 
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(I) Mass spectrometric value (m/z): FAB Mass 
45 336 (M + + 1) 

Test Example 

Hydroxyapatite adsorption test 

50 

Adsorption of the present iminobismethylenebisphosphonic acid derivatives to hydroxyapatite was 
tested based on Shinoda et al's. method (Calclf. Tissue Int. (1983), vol. 35, p. 87-99) with a slight 
modification in the following manner. 

Namely, 65 mg of hydroxyapatite was suspended in 200 ml of 0.01 M barbital buffer (pH 7.0) containing 
55 0.1 55M KCI, and the resulting suspension was stirred at 37 °C with a stirrer. After 24 hours of stirring, each 
agent to be tested was added to the equilibrated suspension in an amount of 0.075 mol per mol of 
hydroxyapatite, respectively, followed by another 2 hours' stirring. After the thus stirred suspension was 
filtered through meshes of 0.45 urn in diameter, the hydroxyapatite on the filter was scraped off and 
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suspended again in 75 ml of the same barbital buffer as used above, followed by stirring at 37 °C with a 
stirrer. After 1 hour, the calcium concentration in the buffer was determined with an automatic calcium 
concentration analyzer (Hitachi Model 7050). From the calcium concentration determined after 1 hour, the 
inhibitory ability of each agent to be tested for the calcium dissociation through adsorption of the agent to 
5 hydroxyapatite was calculated. The determination was repeated three times for each agent. 

The results are shown in Table 1. The t-test was performed, and the asterisked numerical values are of 
those compounds which showed a significant difference at 1 %. 



Table 1 

w 



Compound 


Calcium Concentration (mg/dl) 


Control 


0.680 ± 0.006 


Compound (II) 


0.654 ± 0.006* 


Compound (III) 


0.614 ± 0.012* 


Compound (IV) 


0.630 ± 0.006* 


Compound (V) 


0.530 ± 0.015* 


Average ± Standard deviation 



*: significant difference at 1 % 



25 



30 



As can be seen from Table 1, Compounds (II), (III), (IV) and (V) all inhibited significantly the calcium 
dissociation from hydroxyapatite. Particularly, Compounds (III) and (V) showed high inhibitory effect. 

Claims 

1. A heterocyclic iminobismethylenebisphosphonic acid derivative of the general formula (I): 
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40 OH 
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wherein 

n is an integer of 0 to 5, and 
the group of the formula 



©- 

represents a 4- to 7-membered monocyclic ring or a 7- to 11 -membered condensed heterocyclic 
group containing 1 or 2 nitrogen atoms which is optionally substituted by a halogen atom(s) or a lower 
alkyl group(s), and an ester or salt thereof. 

2. The heterocyclic iminobismethylenebisphosphonic acid derivative of the formula (I) according to claim 
1, wherein the group of the formula 
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is represented by the formula 




wherein Z, Y and X each represent a carbon atom or a nitrogen atom; and represents a double 

bond or a single bond. 

The heterocyclic iminobismethylenebisphosphonic acid derivative of the formula (I) according to claim 
1 , wherein the group of the formula 

®- 

is a pyridyl group, a pyrazyl group, an imidazolyl group, a pyrrolyl group, a pyrazolyl group or a 
pyrimidyl group. 

The heterocyclic iminobismethylenebisphosphonic acid derivative of the formula (I) according to claims 
1 to 3 having any of the following chemical structures: 
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A process for the preparation of the heterocyclic iminobismethylenebisphosphonic acid derivatives of 
the formula (I) according to claims 1 to 4 wherein 



0-(CH s )„-NH 2 - 
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is reacted with phosphonic acid and formaldehyde (ratio 1: 2 : 2) in a Mannich type reaction. 

A pharmaceutical composition for inhibiting bone resorption comprising an effective amount of the 
heterocyclic iminobismethylenebisphosphonic acid derivative of the formula (I) according to claims 1 to 
4 in combination with a pharmaceutically acceptable carrier or a vehicle. 

The heterocyclic iminobismethylenebisphosphonic acid derivative of the formula (I) according to claims 
1 to 4 for use as a bone resorption inhibitor, a dental calculus formation inhibitory agent and a 
polyvalent metal ion complex salt forming agent. 
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